Urban neighbourhoods are defined as much by their commercial character as their residential; retail services not only provide material needs for those living nearby, but less-tangible social and cultural capital as well. It is reasonable to expect, then, that excessive churn in these businesses can threaten the stability of a neighbourhood. Using a longitudinal data set on mixed-use neighbourhoods in New York City, we test whether or not neighbourhoods of varying circumstances and characteristics experience different degrees and types of retail turnover. Results suggest that there are meaningful differences in retail turnover across neighbourhoods. Retail turnover is directly associated with the type of business activity, commercial infrastructure and the neighbourhood's consumer profile. However, when all three sets of factors are considered simultaneously in a regression analysis, consumer-related characteristics explain turnover more than those related to the local commercial environment. Specifically, businesses that provide necessity and more frequently consumed goods/services are more stable and chain establishments are more likely to venture into markets with some housing price discounts, growth potential and possibly less organised opposition. Neighbourhoods with less (and more heterogeneous) general retail (as opposed to food service) concentration, as well as bigger businesses, are more stable. More importantly, bigger households and higher shares of white residents are most strongly associated with less retail churn, and population growth is the strongest predictor of more turnover.
Introduction
Urban neighbourhoods are defined as much by their commercial character as their residential. Indeed, neighbourhoods are a function not just of the people who inhabit them, but also the commercial transactions and investments that sustain local economies and activate street life. Retail services, particularly in mixed-use settings, not only provide material needs for those living nearby, but less-tangible social and cultural capital as well (Deener, 2007; Hyra, 2008; Zukin et al., 2009) . Jane Jacobs (1961) famously argued that local small businesses are not only good for services and access to jobs, but are critical to the vitality of community life.
1 It is reasonable to expect, then, that excessive churn in these businesses can threaten the stability of a neighbourhood. Furthermore, this interruption could be even more severe under conditions of rapid neighbourhood change or gentrification. While neighbourhood change can bring in new amenities, filling much-needed gaps in local services, it can also introduce unpredictability in what and how these new businesses will serve the community (Ehrenhalt, 1999) . Neighbourhood change research has focused extensively on the implications for residential stability (Ellen and O'Regan, 2008; Freeman, 2005; Freeman and Braconi, 2004; McKinnish et al., 2010) ; much less attention has been paid towards similar implications for local retail services. Patch (2008) suggests that retail change, or 'street gentrification', is a telling manifestation of broader neighbourhood transitions, and yet it has been less thoroughly documented. We aim to fill this gap here. Do neighbourhoods of varying circumstances and characteristics experience different degrees and types of retail turnover? Is this turnover exacerbated under conditions of gentrification?
The literature includes a host of case studies on retail change in particular neighbourhoods, across the globe (see, for example, Zukin et al., 2015) , but there are many fewer studies looking systematically at how neighbourhood conditions relate to retail turnover. We present here a longitudinal analysis of microdata on over 1700 neighbourhoods in New York City in order to establish a more comprehensive baseline understanding of which factors explain retail turnover in urban neighbourhoods. New York City is a useful context for studying these issues, as it is comprised of many different types of neighbourhoods and submarkets, all of which have experienced different degrees of socioeconomic change over our study period. Our findings not only identify broad-based correlates of retail vulnerability and opportunity, but also serve as an important foundation for conducting future analyses on the mechanisms and effects of retail turnover. Furthermore, armed with more detailed information on neighbourhood retail markets (and the extent to which they manifest stability), local governments and civic organisations can better target neighbourhood economic development strategies towards both business owners and consumers.
Results suggest that there are meaningful differences in retail turnover across neighbourhoods. Retail turnover is directly associated with the nature of business activity, commercial infrastructure and the neighbourhood's consumer profile. However, when all three sets of factors are considered simultaneously, consumer-related characteristics explain turnover more than those related to the local commercial environment. Food establishments (i.e. restaurants) tend to be a more stabilising presence in neighbourhoods over time -they exhibit less churn compared with general retailers. Businesses that provide frequently consumed and necessity goods and services are more likely to stay in place (compared with those providing less frequently consumed or discretionary goods and services), suggesting that they are less vulnerable to local shocks in business-related costs and/or consumer demand. Chain establishments, compared with independent ones, are less likely to open up new establishments in New York City, but are more likely to relocate across the city once they have penetrated the market. In addition, chains are more likely to enter neighbourhoods with more commercial space, lower residential vacancy rates, lower housing prices and higher-income households, and less likely to go into neighbourhoods with more owner-occupied homes and more college-educated residents. Neighbourhoods with a greater proportion of food establishments and a wider mix of retail types, as well as bigger businesses, are more stable. These factors, however, are not as important as consumer characteristics, which produce the largest standardised coefficients: bigger households and higher shares of white residents are most strongly associated with less retail churn while population growth is the strongest predictor of more turnover.
Background and literature review
In this paper we specifically focus on the circumstances around retail turnover; that is, the frequency and nature of how businesses move in and out of neighbourhood markets, and what those neighbourhoods look like. The literature on neighbourhood change sets up a dichotomy of production-and consumption-based processes, and we build off of this framework. Smith (1979) , for example, prioritises the production-based aspect of neighbourhood change, where uneven development and the allocation of capital drive localised economic upgrading. Brueckner and Rosenthal (2009) empirically test for the role of physical reinvestment in neighbourhood change, and find significant (albeit partial) explanatory power. This is in contrast to the consumption-based perspective, where consumer preferences drive neighbourhood redevelopment (Bridge and Dowling, 2001; Ley, 1986; Zukin, 2008) ; this framework is particularly compelling in the context of retail services and amenities. Retail services, and the nature of their change, very much reflect both the consumption tendencies and cultural identities of local residents. Like Lees (1994) and Hamnett (1991) , we hypothesise that retail turnover is both a production-and consumption-based phenomenon. In this section we set up this dichotomy theoretically, and then test it in the remainder of the paper.
We preface the following discussion on two reasonable assumptions. First, we consider neighbourhood retail services as a local amenity for primarily nearby residents; while these services can certainly service local workers as well, we focus on mixed-use communities rather than predominantly commercial ones. Second, we assume that retail generally follows households (or employees) and not vice versa; at the very least the two are correlational.
Why and when does neighbourhood retail change?
We rely on Hotelling's (1929) model of firm location decisions to motivate the implementation of our analysis; it reflects the production-and consumption-based framework established above. In its simplest form, his model conditions retail density on consumer density, store fixed costs and transportation costs. This suggests that in order to witness any change in retail density, one or all of these factors must undergo some shift.
2 In addition to the density of the consumer base, we consider a richer characterisation of the customer market, which accounts for consumption heterogeneity. In this scenario, the demographics of the local market can change; in turn, assuming business location decisions follow local demographic change (and not vice versa), the local business can adapt to these changing conditions and maintain its location, relocate to another market that better supports its product, or permanently shut down. We expect that the neighbourhood demographics reflect not only consumption preferences, but also less-tangible cultural identities and biases (Ross, 1998) .
Fixed costs can also change; here we walk through three ways in which they shift. First, the physical infrastructure or space constraints/opportunities can change over time. New investments in the neighbourhood can make space more appealing, affordable and functional for local retail establishments (in particular those that were not willing to occupy the spaces before), and this can draw particular businesses to a neighbourhood and drive others away. Second, information about the risks associated with operating in a particular neighbourhood can become more accessible over time.
3 For example, increases in activity from other establishments can signal a more hospitable business environment (especially in markets that are otherwise hard to read without very localised knowledge), lowering the entry risk for new businesses. And third, incentives (typically government-induced) can make particular locations more appealing or beneficial. These mediators can influence the behaviour of both producers and consumers. For example, tax incentives or zoning allowances may make it cheaper for the businesses to set up shop and/or compete in a market that they could not have otherwise entered or sustained. Food subsidies (attached to either the establishment or the consumer) can help to make local goods and services more accessible to a broader set of local consumers.
What is the nature of the change?
We also consider the nature of retail change. While overall turnover captures retail stability broadly, it obscures the nature of that turnover. A business can choose to stay, enter or exit a neighbourhood at any point in time. Those that stay can do so for short or extended periods of time. Those that enter can either relocate from another neighbourhood within the same municipality or open up a new establishment entirely. Likewise, those that exit a neighbourhood can relocate to another community within the same municipality or they can close down permanently. The different location decisions not only matter for a particular neighbourhood, but the citywide economy (since it is either a matter of reallocating businesses within the locality or losing/gaining businesses absolutely).
We also recognise that change can manifest itself differently for certain types of retail establishments, which in turn could have different implications for the neighbourhood. First, we distinguish between chain (i.e. multi-store businesses) and independent establishments. Since chain stores are typically more capitalised than independent operators, we anticipate that their turnover will be less pronounced (they can perhaps better withstand local shocks to avoid untimely shutdown or exit). 4 On the other hand, owing to this higher threshold for relocation (or shutdown), we might find their entry into neighbourhoods more selective (and perhaps less frequent) than independent entities. The chains will also be less vulnerable to threats of competition, since they likely capture the market share (because of pricing and/or breadth of service); this will also manifest itself in more stability. Second, we distinguish between necessity and discretionary goods and services. We predict that necessity services (such as groceries, drug stores and banks) will be less vulnerable to shocks to consumer demand than discretionary (or 'luxury') goods and services, which will be less patronised under conditions of economic duress or transition. Not only do discretionary services require more disposable income, but they also may be more particular to the idiosyncrasies of the local consumer base; both can change in meaningful (and perhaps unpredictable ways) as the neighbourhood undergoes social and economic transitions.
Empirical literature review
Retail differences and location decisions. There is a small body of work that documents the retail differences across neighbourhoods (or markets) of varying consumer characteristics. These studies are presented separately from those that directly address retail change, as they tend to observe retail patterns at one point in time rather than shifts in local retail markets (and their correlates over time). Consistent with expectations, the findings generally demonstrate a correlation between the size and nature of local consumption markets and the size and composition of the local retail market (Berry and Waldfogel, 2003; Davis, 2006; Dinlersoz, 2004) . One of these studies, by Waldfogel (2008) , exploits the variation in consumer characteristics and empirically tests the relationship between the mix of commercial services and heterogeneity in consumer preferences. He demonstrates that there is considerable heterogeneity across consumer preferences for such services as restaurants and media, and that preferences are strongly correlated with observable population characteristics, such as educational attainment and race/ethnicity. Using 5-digit ZIP-code level data on food and drinking establishments and population characteristics and proprietary data on consumer patronage behaviour, he finds that there is an association between the mix of locally available chain restaurants and demographic mix by race and education.
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To date, much of the research on neighbourhood disparities in commercial services comes from the public health literature. These studies focus on the differences in the locational decisions of establishments across neighbourhoods within a city. Kwate et al. (2013 ), Powell (2007 , Zenk (2005) , Bingham and Zhang (1997) and Alwitt and Donley (1997) demonstrate that various retailers, namely banks and supermarkets, opt not to locate in predominantly nonwhite and poorer ZIP codes even after controlling for purchasing power. Interestingly, Alwitt and Donley find that fast food restaurants are least likely to discriminate across neighbourhoods, whereas Block et al. (2004) and Sloane et al. (2005) find that fast food restaurants are more likely to locate in poorer, predominately black neighbourhoods.
Retail change. Another set of papers focuses specifically on retail change. Meltzer and Schuetz (2012) primarily conduct a crosssectional analysis of retail access across New York City neighbourhoods, using publicly available ZIP code establishment and employment aggregates. They find that although high-income neighbourhoods in New York City have a higher density of retail employment and more chain restaurants, low-income and predominantly black or Latino neighbourhoods have a much higher share of unhealthy fast food restaurants. They also examine the change in retail presence over nearly one decade and correlate it with changes in residential property values. They find that between 1998 and 2008 the rate of retail growth was particularly rapid in neighbourhoods that were initially lower valued and experienced relatively high housing price appreciation compared with the city overall. This is confirmed by another study by Schuetz et al. (2012) that finds lower retail employment density (and smaller establishment size) among higher poverty (and lower income) neighbourhoods, driven largely by reduced employment in chain establishments. While neither income levels nor poverty rates consistently predict retail employment growth, neighbourhoods that experience income
Meltzer and Capperis
upgrading do see larger gains in retail employment. Immergluck (1999) finds that neighbourhoods that are relatively more minority and less affluent experience declines in commercial investment, as measured by changes in permit activity. Chapple and Jacobus (2009) use ZIP-code level data on retail businesses (from the National Establishment Time Series dataset) and Census tract-level data (from the Neighborhood Change Database) on neighbourhood economic and demographic characteristics for the San Francisco Bay area to examine the link between retail revitalisation and neighbourhood change. They classify neighbourhoods into five categories of relative income change and show with descriptive crosstabs that retail revitalisation is most strongly associated with gains for middle-income neighbourhoods. They hypothesise that this is, in part, due to their greater ability to attract start-up businesses. Zukin et al. (2009) conduct case studies of two gentrifying neighbourhoods in New York City and find a large increase in the number of independently owned (or local chain) establishments in those neighbourhoods, compared with a small increase in large chain stores. Bates and Robb (2008; test whether retail establishments are more or less likely to survive in urban, predominantly non-white neighbourhoods and they find that businesses serving predominantly people of colour are less profitable and more likely to close than those serving white customers. Carree and Thurik (1996) find evidence to support both demographic and infrastructure determinants of retail entry/exit. Specifically, retail businesses are more incentivised to enter markets with growing consumer spending and growing unemployment and new firm entry is inhibited by larger floor space requirements.
These studies are largely limited in the scope, detail and variation in retail change; those that do use fine-grained data do so in more limited case settings. Our analysis captures detailed retail turnover activity across a larger geographic area and a longer period of time.
Data
Our study takes place in New York City, a very useful context for studying these issues. It is a dense and diverse city comprised of many different types of neighbourhoods and retail markets. Furthermore, these neighbourhoods experienced varying degrees of socioeconomic changes over our study period, and this is variation that we can exploit in the analysis. Pressures from gentrification are not unique to New York City; local commercial districts from Toronto to Shanghai have been dealing with the challenges of rising rents and shifting demographics (Zukin et al., 2015) . We also note that many New York City neighbourhoods are comparable to those in other large US cities. For example, while the median resident lives in a much denser neighbourhood than someone in an otherwise comparable city, the range of densities reflects those experienced in other large cities (Capperis et al., 2015) . Typical education levels, unemployment rates, workforce participation rates and racial/ethnic make-ups are comparable with those in other large cities; incomes are also generally comparable, with the exception of slightly higher median household incomes and lower poverty rates (Been et al., 2013; Capperis et al., 2014) . In addition, while New York City's overall homeownership rate is lower than that in other large US cities, homeownership rates are higher and closer to the norm in neighbourhoods in the boroughs of Queens and Staten Island (Been et al., 2013) .
Our sample of businesses covers close to the universe of retail and food service establishments in New York City. The core data set for this analysis is the National Establishment Time Series (NETS) database, a longitudinal, establishment-level data set that is constructed by Walls and Associates (2012) from the Dun & Bradstreet business register. Unlike publicly available government data on employment, the NETS data set includes no suppression of employment in small industry or geographic cells and provides full street address information for each establishment. In addition, NETS is more likely to capture non-employer businesses than other public records, such as those issued by the Bureau of Labor Statistics (Neumark et al., 2005) . 6 We geocode these businesses' addresses to tax parcels so that we can accurately attach census tracts and then aggregate establishment and employment counts to obtain census tract totals. In addition, industry is reported at the 6-digit North American Industry Classification System (NAICS) level to allow for a finegrained distinction across retail and food services, and information on whether or not the establishment is a headquarter, branch or standalone outlet to permit classifications according to firm structure. Finally, because the NETS data are longitudinal and establishment-specific, we can measure gross changes in the number of establishments and their employment (versus just net employment changes, which is what the publicly available ZIP code aggregates provide). We recognise the limitations with using NETS to identify very short-term changes in firm characteristics, and therefore process any changes over periods of five or more years (Neumark et al., 2005) . This will also mitigate against any lags in the NETS data in observing new firm births (Yang and Aldrich, 2012) . Furthermore, we note that the NETS data are less adept at capturing within-city moves (Kaufman et al., 2015) ; for the small part of our analysis that relies on this metric, we recognise that it captures a subset of the relevant neighbourhoods and likely underrepresents the actual within-city activity. We collapse the business-level records into census tract aggregates and shares in order to capture turnover for the neighbourhood. Since we are concerned with the neighbourhood's exposure to turnover (rather than the business's), this aggregation makes sense. In order to ensure that we are looking at mixed-use neighbourhoods containing both businesses and resident consumers, we restrict the sample to include tracts with non-zero values for population, housing units and establishments.
We supplement the NETS data with a number of data sets, again, collapsed to the tract-level. We use New York City Department of Finance's tax assessment roll files and the New York City Department of City Planning's Primary Land Use Tax Lot Output (PLUTO) data set to observe changes in the amount of built commercial and residential space. We include building permits filed with the New York City Department of Buildings to measure the number of new buildings and residential units that developers intend to build (i.e. the degree of property investment). To measure changes in housing prices, we obtain residential property sales data from the New York City Department of Finance. Prices (as well as incomes and rents, which are obtained from Census and American Community Survey data described below) are adjusted for inflation using the Consumer Price Index for the New York metropolitan area and expressed in 2012 dollars.
In addition, we merge in tract-level economic and demographic variables from various sources. Geolytics' Neighborhood Change Database (Geolytics, 2003) provides data every 10 years from 1980 through 2000, normalised to consistent census tracts as defined in the 2000 Census. We supplement these data with indicators from the 2010 Census and the American Community Survey's five-year estimates from 2007 to 2011 where Census data are unavailable, which we assume represent 2010 conditions. We also normalise data from these sources to tract definitions set in 2000 to be geographically compatible with measures from the Neighborhood Change Database. Ultimately, we have 2137 census tracts in our sample, spanning 20 years.
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Throughout the analysis, we are constrained by the fact that Census-based data are available only every decade, and we adjust the data merging accordingly. In analyses where we observe neighbourhoods every ten years, such as in the cross-tab analyses, we rely on the decennial values from the Census. In analyses where we observe neighbourhoods every five (or more) years, such as in the regression analyses, we compute values for intercensal years (i.e. 1995 and 2005) by assigning the average value from the previous and subsequent year. When a year falls in between the five-year increment (i.e. is not a multiple of five), we then assign Census variables based on the increment of five that mostly closely precedes the year in which the neighbourhood is observed (for example, if we observe a neighbourhood in 1999 we assign Census variables as of 1995; that is, the average of values in 1990 and 2000) . In all cases, Census variables are assigned contemporaneously or lagged, in order to mitigate against endogeneity.
Analytical strategy
Since our analysis is focused on neighbourhood retail services, we rely on two important analytical features. First, the unit of analysis is the neighbourhood-year. We operationalise neighbourhoods as census tracts as defined in the 2000 Census, which is an area optimally populated by 4000 people (US Census Bureau, 2012). Previous studies have used the census tract to capture neighbourhood communities and markets (Ellen and O'Regan, 2008; McKinnish et al., 2010) ; it also allows for more fine-grained analysis than the ZIP code (the finest level at which business data are made publicly available) and at a level at which sociodemographic information is readily available over time. The census tract also captures a walkable market area, which, on average, can be traversed in five to ten minutes. 8 While residents could certainly walk farther to access local retail, we aim here to primarily capture the commercial environment in their immediate vicinity and therefore return to the usefulness of the tract operationalisation. We limit our sample to include sectors that include businesses that serve neighbourhoods (versus central business district businesses or manufacturing enterprises). Specifically, we include businesses classified as retail trade (NAICS 44-45) or food services (NAICS 722), except retailers without a store-based point of sale (NAICS 454) and food service contractors and caterers (NAICS 7223). We also include various retail services outside of these sectors, including banking, fitness, barber/beauty shops, laundry and pet care; see Appendix A for a full listing of included sectors. Most of the sample (about 84%) is categorised as general retail trade or services.
Variable construction
We construct a number of variables in order to test the hypotheses set forth in the section 'Background and literature review'. First, we create six measures to assess the movement of businesses into and out of neighbourhoods over time: stay, entry, exit, birth, death and churn. We define stay as the number of businesses that stay in neighbourhood j for the entirety of the change interval, (t2k,t). We define entry as the number of businesses that (i) enter neighbourhood j from another neighbourhood i, still within the city's border, any time during the change interval, (t2k,t), and (ii) are still in operation in neighbourhood j at time t. Exit is the opposite: the number of businesses that (i) are in operation in neighbourhood j at time t2k, and (ii) exit neighbourhood j to another neighbourhood i, still within the city's border, any time during the change interval, (t2k,t). Birth is the number of businesses that (i) enter neighbourhood j as brand new entities in the city (i.e. not previously located in another neighbourhood) any time during the change interval, (t2k,t), and (ii) are still in operation in neighbourhood j at time t. Death is the opposite: the number of businesses that (i) are in operation in neighbourhood j at time t2k, and (ii) exit neighbourhood j to permanently close down any time during the change interval, (t2k,t).
Since neighbourhoods can contain a wide range of retail densities, and comparing counts can be misleading, we also calculate the share for each of these measures. They are calculated relative to the total number of establishments in the tract at the beginning of the change interval, (t2k,t). Since there are neighbourhoods with small counts at the beginning of the intervals, we calculate the share using the midpoint method (as an example, we display the calculation for the entry variable):
This approach mitigates against inflated shares, due simply to low baselines at the start of the interval. 9 We also create a measure of churn, which, for neighbourhood j, is the sum of all possible moves (either into or out of neighbourhood j) divided by the average of the total number of businesses at time t2k and the total number of businesses at time t, consistent with the midpoint method:
Churn tÀk, t = Entry tÀk, t + Exit tÀk, t + Birth tÀk, t + Death tÀk, t ð Þ Estab total t + Estab total tÀk ð Þ =2 ð Þ
We prioritise churn as our summary measure of retail change, as it captures the overall volatility of retail for a particular neighbourhood over time. However, the other five measures will help to disentangle the nature of the churn and provide a more nuanced sense of how businesses flow into and out of the neighbourhood. We also classify businesses in several ways that relate to local consumer density and the business' fixed costs. First, we categorise each business as either necessity or discretionary. Necessity establishments are those that fulfill more 'everyday' needs (and therefore are likely less vulnerable to shocks in consumer willingness, such as incomeinduced ones) or are providing for the 'immediate needs of people' (Bingham and Zhang, 1997; Stanback et al., 1981) . Stanback et al. (1981) described these as 'residentiary services'. Like Bingham and Zang (1997) we also include a few 'producer services', such as banks, in our definition of retail, since they also provide essential services to local residents. Other examples of subsectors in this category are groceries, drug stores and household goods stores. Discretionary establishments, on the other hand, provide more luxury or recreational services or goods that are not considered basic, but certainly enhance quality of life. Examples of subsectors in this category are liquor stores, most restaurants and beauty salons. About half of the businesses in our sample are classified as discretionary, one-third as necessity and, the small remainder, as establishments that provide durable goods (such as car dealers or furniture stores). We further disaggregate by classifying businesses as providing goods/services that are either frequently or infrequently consumed. For this distinction, we draw heavily from Helling and Sawicki (2003) who consider a subset of 'residentiary services' as those businesses that serve local 'consumer demand directly' and provide goods or services that are frequently consumed and/or perishable, whereby short travel times are essential to their appeal. This is a meaningful distinction, also, because it further identifies the types of businesses that contribute to the daily quality of life in the neighbourhood. Examples of subsectors offering frequently consumed goods/services are food (both grocery stores and restaurants), pharmacies, service stations, discount and department stores, banks and laundry; some subsectors with less frequently consumed goods/services include stores offering furniture, housewares, clothing, sporting goods and media (these are the kinds of businesses that also might have market share outside the local neighbourhood). Appendix A demonstrates how NAICS codes align within this typology. There is quite a bit of overlap between necessity and frequency, but discretionary businesses exhibit substantial variation. Together, these classifications allow us to set up a hierarchy of local services, such that frequently consumed necessity goods/services are perceived as fundamental to neighbourhood wellbeing, and infrequently consumed discretionary goods/services would represent local 'luxuries'.
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Finally, we distinguish among businesses based on their organisational structure. We classify a business as chain if it is linked to a separate headquarters establishment, if it is itself identified as a branch or headquarters, or if at least one other establishment reports to the same headquarters. There is no minimum for the number of establishments that constitute a chain. We classify a business as independent if it does not meet any of the criteria for classification as a chain.
Results
In this section we test whether or not retail turnover varies with dimensions of consumer density and business structure and/or costs. 12 We do this through a series of descriptive cross-tabulations and then multivariate regression analyses to assess which factors are most important in explaining retail turnover. We present here results for changes in retail activity over five-year intervals; therefore, for each year t in the sample, turnover variables are calculated for the interval (t25, t). We thought this a reasonable interval, since the median neighbourhood tenure of a business in the city is five years. For businesses that eventually relocate to another neighbourhood, the average length of stay is just over five years; for those that ultimately close their doors permanently, the average length of stay is about 4.5 years.
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As a first cut, we look at broad citywide and borough-wide patterns of retail turnover (see Table 1 ). The upper panel displays counts and the lower panel displays the corresponding shares. Overall, we see that businesses are more likely than not to stay in place in the same neighbourhood over a five-year interval (as indicated by the stay rate of 0.57). Birth rates (and entry rates) are higher than death rates (and exit rates) and, in general, neighbourhoods experience similar retail churn rates, with the exception of those in Manhattan and Staten Island, which have slightly lower rates. The shares of establishments that stay in place are consistent across the boroughs, as are the shares of deaths. The inter-neighbourhood movement, however, varies. For example, the Bronx experiences the lowest entry rate and Staten Island the highest. Manhattan exhibits the lowest churn and the Bronx the highest. Therefore, there is spatial variation to exploit. These results, however, do not tell us where businesses are relocating (or from where they are relocating), and so we cannot assign any correspondence between the borough rates of entry or exit.
We also see that looking at counts alone can be misleading. For example, while Manhattan has the highest number of births during the 5-year interval, it has the smallest share. For this reason, we will display and discuss only the share variables from now on.
Business type and structure
Next, we look at whether retail turnover varies by business type and structure. These are displayed in Tables 2 through 4 . We first stratify by super-sector (food versus general retail establishments) and find some consistent differences (see Table 2 ). Food establishments tend to exhibit less churn, which is driven by smaller rates of birth, death, entry and exit (most dramatically, births). This is also exhibited by the meaningful difference in the share of establishments that stay in place over the 5-year intervals (it is 0.64 for food establishments compared with 0.55 for general retail). The next table (Table 3) displays turnover variables for necessity and discretionary establishments. Necessity retailers exhibit slightly less turnover (i.e. a lower churn rate), and this appears to be driven by fewer births and slightly more businesses that stay in place. While the death rate for necessity services exceeds that for discretionary ones, any losses seem counteracted by the businesses that stay on and by fewer exits due to relocation.
To more precisely capture the type of retail demand, we further disaggregate the necessary and discretionary goods by frequency of use (these results are displayed in Table 3 , as well). These analyses show that the necessity services that are more frequented are more likely to stay and contribute to less overall churn (more infrequently consumed necessity services, on the other hand, demonstrate a lot of flux, especially from both birth and exit activities). The same patterns hold for frequently consumed discretionary services compared with those less frequently consumed. Overall, it is consistent with expectations that necessity goods and services would be less vulnerable to local shocks in demand because of their broader appeal and relatively more frequent consumption; discretionary services should be consumed less under conditions of economic duress or demographic change. Third, we distinguish independent retailers from chain establishments and replicate the turnover variables (see Table 4 ). Overall, independent businesses turn over more than the chain establishments. While their probabilities of staying in the same neighbourhood over the 5-year intervals are marginally different, the birth rate of independent businesses is about one-third higher than that for chain establishments. That said, movement across neighbourhoods is more likely for chain establishments, as evinced by the higher entry and exit rates. These findings are consistent with the notion that chains have higher start-up costs (they need bigger spaces) and perhaps a higher threshold for entering a market. However, once they have a presence in the local market, they are more Notes: As an example, we interpret some of the cells: in the average tract, 86.6% of retail necessities and 87.2% of discretionary establishments operating in time t25 experience some sort of churn between t25 and t. The higher churn among discretionary businesses occurs because of higher average birth, move-induced entry, and move-induced exit rates and appears in spite of a lower average death rate. *** p \ 0.01; ** p \ 0.05; * p \ 0.1.
footloose and move more frequently across neighbourhoods. This suggests then that the bigger fixed costs are attached to the initial market penetration; subsequent moves may be less costly because of newly obtained, onthe-ground information and local political and institutional connections. To try to understand the types of neighbourhoods that attract chains, we conduct a subanalysis on the neighbourhoods at the point in time at which they receive their first chain. To do this, we conduct a survival analysis of the neighbourhoods that get their first chain during the study period, and compare their characteristics with the neighbourhoods that receive any non-chain new establishments (either from a move or a birth). The neighbourhoods without any chains by the end of the study period, 2010, will be considered 'censored' observations. We use a Cox model with non-proportional hazards to estimate the likelihood of a neighbourhood i getting its first chain between t and Dt, given that it does not yet have a chain establishment by time t (this is also known as the hazard rate, h i (t)).
14 The equation to be estimated is:
In this regression, l 0 (t) is the baseline hazard function, i.e. the hazard function for a neighbourhood with all covariates set to 0. Commercial i,t25 is a vector of commercial environment characteristics, including overall establishment density, the share classified as retail and as necessity, the average establishment size, an index of retail diversity and the amount of dedicated commercial space. Consumer i,t25 is a vector of household and housing market characteristics, including race/ethnicity, income, education, poverty status, unemployment, household type and size, homeownership status, foreign born status, vacancy rates, housing prices/rents. Note that we lag these covariates by five years, to mitigate against threats of endogeneity.
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The results from this analysis are displayed in Table 5 ; the first column displays only commercial environment characteristics, the second column only demographics and housing market characteristics, and the final column the full specification with both sets of covariates. We see that there are characteristics of the commercial environment that predict an earlier chain entry. Chain establishments are more likely (i.e. exhibit a hazard rate greater than one) to first enter into neighbourhoods with more businesses Notes: As an example, we interpret some of the cells: in the average tract, 86.3% of independent establishments and 80.5% of chain establishments operating in time t25 experience some sort of churn between t25 and t. The higher churn among independent businesses occurs because of higher average birth and death rates and appears in spite of lower average move-induced entry and exit rates. *** p \ 0.01; ** p \ 0.05; * p \ 0.1. and commercial space overall and with bigger retail establishments on average. Both of these findings suggest that the nature of the local infrastructure matters: chains often need larger spaces and are more likely to enter into areas that already have some degree of commercial activity (both in terms of the transactions and the permitted use of the land). However, chains are slightly less likely (i.e. exhibit a hazard rate less than one) to first enter into denser neighbourhoods that are also more homogeneous in their retail activity. Chain establishments are also more likely to open up for the first time in neighbourhoods with a higher share of necessity services.
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As for residential characteristics, the strongest predictor of first-chain entry is the neighbourhood's ratio of average to median household income (a measure of the neighbourhood's income distribution). Specifically, more positively skewed income distributions are associated with a higher likelihood of chain entry; in other words, the presence of very affluent households invites chain openings. This is consistent with the lower hazard rate associated with higher poverty rates in the fully specified model. Other covariates are also associated with lower probabilities of first-chain entry: higher residential vacancy rates, higher homeownership rates and higher shares of Hispanics, residents with a college degree and, marginally, foreign born. Higher rents and prices are also associated with lower probabilities of chain entry (though the former is very marginal at 0.999). We note that, controlling for other residential and commercial characteristics, neither population density nor population change is associated with first-chain entry. The results imply both structural and socio-political reasons for chain entry. First, neighbourhoods with more commercial space, lower residential vacancy rates and lower prices are more likely to see chains enter -this suggests economic barriers (or incentives) to entry, whereby chains venture into markets with some price discounts and growth potential. Second, the fact that chains are less likely to first enter into neighbourhoods with more owner-occupied and educated households could be a product of organised efforts from those groups against chain establishments (Healy, 2012; Pristin, 2009; Schuetz, 2015) . 17 
Commercial environment
In order to understand the influence of the local commercial infrastructure (i.e. supplyside factors) in guiding retailers' location decisions, we stratify the sample by the share of commercial building space dedicated to retail use. We identify commercial and retail space by the actual (and intended) floor area used for these purposes, both vacant and occupied (commercial includes but is not exclusive to retail). In reality, actual use could deviate from the commercial uses permitted by zoning (although the two are very closely related and discrepancies between actual commercial use and zoning classification take place in about only 20% of buildings in our sample). Specifically, the retail share of commercial space is designated as 'high' if the share is more than the 75th percentile, and 'low' otherwise. These results are displayed in Table 6 and they show that neighbourhoods with relatively less retail space experience more churn. These patterns are driven by more entries and births in those areas. While these neighbourhoods might have less infrastructure to support commercial activity, it might be also the case that the lower concentration of retail use means lower rents and untapped markets.
Neighbourhood demographics
Finally, we consider neighbourhood demographics. As discussed earlier, the socioeconomic characteristics of the neighbourhood can reflect actual consumer demand and can also signal to potential retailers about local consumer activity. We recognise that our data cannot entirely capture the consumer activity on the ground, as much of it (especially in lower income communities) is not recorded in the data. However, we rely on data that are publicly and systematically available, and therefore likely available to businesses making their location decisions. The results for this part of the analysis are displayed in Tables 7 through 9 . First, we consider income-related measures. We compare neighbourhoods with median household incomes below the citywide median to those with median household incomes above the citywide median (see Table 7 ). Relatively higher-income neighbourhoods have a Notes: As an example, we interpret some of the cells: establishments in tracts with less retail space as a share of commercial building area (as well as total building area, not shown here) tend to experience more churn. In tracts where the retail share of commercial building area is less than the 75th percentile of all tracts, an average of 89.6% of establishments operating in time t25 experience some sort of churn between times t25 and t. This is in contrast to 83.9% of establishments operating in neighbourhoods with more retail area in time t25. *** p \ 0.01; ** p \ 0.05; * p \ 0.1. Notes: As an example, we interpret some of the cells: on average, 88.8% of establishments in tracts with a median household income below the city median and 83.5% of establishments in higher-income tracts operating in time t25 experience some sort of churn between t25 and t. *** p \ 0.01; ** p \ 0.05; * p \ 0.1.
higher share of businesses that stay in place during the five-year interval and lower churn overall. While they lose a higher share of businesses to relocations, they have a lower death rate. This same table also displays retail turnover variables for relatively high and low poverty neighbourhoods. 18 These results are consistent with those for the income-stratified neighbourhoods -movement patterns for lower poverty tracts echo those for higher-income tracts.
We supplement this income analysis by also stratifying the turnover variables by housing prices and rents. These are good measures of what people are willing to pay to reside in a particular neighbourhood (which should be a function of the local retail services). We use the citywide mean as a benchmark for rents and housing prices. First we look at the turnover variables in neighbourhoods with rents that are typically lower than the citywide median and compare them with the outcomes for neighbourhoods with rents that are above the citywide median. The statistics (displayed in Table 8) show that churn is significantly higher in the relatively lower rent areas. This is primarily driven by the higher shares of business deaths and, somewhat less, births. Next, as a way to operationalise gentrification, we classify neighbourhoods by housing price appreciation over the change interval and, again, peg the neighbourhood's prices changes to the average change for the city overall. 19 In neighbourhoods that experienced price changes that exceeded those of the city overall, i.e. gentrification, we see significantly higher churn, driven primarily by births, compared with neighbourhoods with price changes lower than the citywide mean. The higher share of births in the context of appreciating prices could either mean that the commercial space was not fully saturated or that new space has been built in those areas.
20 This is consistent with subanalyses that look at business turnover across neighbourhoods with relatively more or less retail growth: neighbourhoods with faster retail growth experience more churn, because of higher entry/birth rates. Notes: As an example, we interpret some of the cells: on average, 88.3% of establishments in tracts with a median gross rent below the city median and 82.9% of establishments in higher rent tracts operating in time t25 experience some sort of churn between t25 and t. Additionally, establishments in tracts with median housing prices increasing faster than the city's overall rate experience more churn than tracts with stable or declining housing prices. *** p \ 0.01; ** p \ 0.05; * p \ 0.1.
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Finally, we consider different racial/ethnic compositions (see Table 9 ); here we compare neighbourhoods designated as predominantly non-Hispanic white to those designated as predominantly non-Hispanic black or Hispanic. We define a race/ethnicity category as predominant if it comprises more than 60% of the tract's total population. Predominantly white neighbourhoods experience lower retail churn (more stability) overall compared with predominantly black and predominantly Hispanic neighbourhoods. This is primarily due to lower deaths and births, and more businesses that stay in place. However, predominantly white neighbourhoods receive and lose more businesses because of inter-neighbourhood relocation.
Multivariate analysis
In an attempt to discern which set of factors (commercial environment or consumerrelated) is most influential in explaining retail turnover, we run multivariate regressions. Following the assumption made above that residential/consumer shifts will precede, and therefore help to explain, retail turnover, we specify the OLS model in the following way:
Here, Estab_Turnover is a turnover variable, including Stay_share, Birth_share, Enter_share, Exit_share, Death_share, and Churn. The vectors, Commercial and Residential, include the variables capturing the commercial environment and household characteristics (those same ones itemised previously for the hazard analysis). And Gentrify controls for whether or not the neighbourhood had lower housing prices than the citywide median in time t25 and whether or not it experienced price/rent appreciation over the period (t25, t), relative to the city as a whole. 22 We also include year dummies, public use microdata area (PUMA) 23 fixed effects and clustered standard errors. So that we can better compare the relative impacts of each covariate, we display standardised coefficients. 24 These results are displayed in Tables 10-13 .
We start with models that include only characteristics of the commercial environment, displayed in column 1 of Table 10 . First, we consider the churn outcomes, and Notes: As an example, we interpret some of the cells: of establishments operating in time t25, on average, 90.5% in predominantly black tracts, 90.7% in predominantly Hispanic tracts, and only 78.2% in predominantly white tracts experience some sort of churn between t25 and t. All differences in means, relative to predominantly white, are statistically significant at p \ 0.01. Table 10 . OLS regression of turnover variables on commercial characteristics.
(1) Notes: All outcome variables measure changes between t and t25 and are expressed as shares of establishments over the average of t and t25. All specifications include PUMA fixed effects. 'Rel. estab. % change' refers to percent change in number of establishments in a tract between time t and t25 relative to the change citywide. Establishment density is calculated per square mile of land. Robust standard errors in parentheses.
then use the results for the specific types of turnover to broaden our understanding of overall churn. Neighbourhoods experience more churn when the local commercial activity is more homogeneous, and when there are higher shares of retail. This Notes: All outcome variables measure changes between t and t25 and are expressed as shares of establishments over the average of t and t25. All specifications include PUMA fixed effects. Robust standard errors in parentheses. *** p \ 0.01, **p \ 0.05, *p \ 0.1. Table 11b . OLS regression of turnover variables on gentrification variables (rents).
(1) (2) (3) (4) (5) Notes: All outcome variables measure changes between t and t25 and are expressed as shares of establishments over the average of t and t25. All specifications include PUMA fixed effects. Robust standard errors in parentheses. *** p \ 0.01, **p \ 0.05, *p \ 0.1. Table 12 . OLS regression of turnover variables on consumer characteristics and gentrification variables.
(1) turnover is primarily driven by (i) an increase in births and move-induced entries in neighbourhoods with relatively homogenous commercial mixes and (ii) both openings and permanent closings in neighbourhoods with a higher share of retail more generally. On the other hand, churn goes down in neighbourhoods with bigger establishments; this is driven by a relatively larger drop in births and an increase in the share of businesses that stay (compared with a smaller increase in move-induced entries). In terms of magnitude, all of these coefficients are similar. Altogether, neighbourhoods with less (and more heterogeneous) retail concentration, as well as bigger businesses, are more stable.
Next, we turn to housing market metrics and specifically measures of baseline housing prices/rents and appreciation on the righthand side. Controlling only for year and PUMA in Table 11 , neither the baseline housing price/rent nor its appreciation affect retail churn. Births are more likely, and move-induced entries marginally less likely, in lower-price areas, but these effects are small and not meaningful enough to drive overall churn.
Next in Table 12 , we add other household characteristics to the model, all of which could be correlated with the neighbourhood's economic and retail changes. In these augmented models, the coefficient on price appreciation becomes significant and now has a negative sign, suggesting the churn goes down in initially low-price neighbourhoods that experience price appreciation. Even though these appreciating neighbourhoods also experience more deaths (which is consistent with expectations of business displacement), the reduction in overall churn is driven by the simultaneous reduction in births (so there are not necessarily new businesses coming in to replace those lost services). 25 The other dimensions of consumer demand that seem to influence churn include, population density, household size and composition (the latter of which displays the largest standardised coefficient) and share of the population that identifies as white. All of these factors reduce churn, mostly owing to the fact that businesses are more likely to stay in place (with fewer instances of retail entry/birth or exit/ death).
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In Table 13 , we combine all of these variables into a single model and observe that the coefficients are generally unchanged, especially those capturing commercial factors. We note a few meaningful differences in the consumer-related coefficients. Controlling now for commercial factors, higher rates of population change and housing vacancies significantly increase churn, mostly because of elevated birth rates. In addition, the coefficients on household income, average-median income ratio and price appreciation are no longer significant for any turnover variables.
The multivariate analyses add to our understanding of neighbourhood-based retail turnover, in that most of the patterns that appeared significant from the cross-tab analysis do not persist once we simultaneously control for other commercial and consumer characteristics. The two notable exceptions are (i) the persistently significant coefficients on the share of white households in the neighbourhood and (ii) the reversed, i.e. now positive, sign on the coefficient for the neighbourhood's share retail. More telling, perhaps, is the fact that retail turnover is more strongly associated (both in terms of the standardised coefficients' magnitudes and collective significance) with the neighbourhood's consumer characteristics than the commercial ones. Specifically, the largest standardised coefficient comes from household size (where larger averages are associated with less churn); this suggests that bigger households, controlling for population overall, consume in such a way as to Table 13 . OLS regression of turnover variables on commercial, consumer and gentrification variables. Notes: All outcome variables measure changes between t and t25 and are expressed as shares of establishments over the average of t and t25. All specifications include PUMA fixed effects. 'Rel. estab. % change' refers to percent change in number of establishments in a tract between time t and t25 relative to the change citywide. 
Conclusion and policy implications
Urban neighbourhoods thrive on their mixed-use character -their vitality is dependent on the coexistence of residential and commercial activity. Indeed, this interaction generates both economic and cultural value for the neighbourhood, a phenomenon that has been documented in local shopping districts in cities across the globe (Zukin et al., 2015) . We understand less, however, about the prevalence and conditions of retail turnover across multiple neighbourhoods in a single municipality, a process that could both threaten and invigorate communities. In this paper, we document retail turnover in a large, dense municipality, New York, and test, at a scale not done before, whether or not it varies depending on neighbourhood characteristics and circumstances. We find that there are meaningful differences in retail turnover across neighbourhoods, related to business activity, commercial infrastructure and the neighbourhood's consumer profile. However, when all three sets of factors are considered simultaneously, consumer-related characteristics seem to explain turnover more than those related to the local commercial environment. Food establishments (i.e. restaurants) tend to be a more stabilising presence As an example, we interpret some of the cells: of establishments that moved, the average establishment's destination tract had 210 fewer establishments per mile and a homeownership rate 2.8 percentage-points higher than its origin tract. 'Rel. estab. % change' refers to percent change in number of establishments in a tract between time t and t25 relative to the change citywide. Establishment density is calculated per square mile of land. Our results generally support the expectation that retail turnover should be a function of both production-related (for example, commercial space and robust existing markets) and consumer-related (for example, race and household size) factors. However, the consumer characteristics are more pronounced and tend to particularly influence the first-time entry of chains into the market; relocations of businesses are driven more by characteristics of the commercial environment, i.e. moving towards more/better space. These findings are consistent with previous studies of firm locations (i.e. Waldfogel, 2008) and with qualitative case studies of shopping districts in cities across the world that reveal the business' dependence on local consumers (both affluent and poor) in sustaining their small stores (Zukin et al., 2015) . We also see that the nature of retail turnover matters -it is an incomplete metric to solely look at net changes in retail (which is what most public data make available). Our findings show that instances of increased retail churn are more often than not driven by more births or entries from other neighbourhoods in the city (rather than deaths or exits). This potentially sheds a more positive light on retail turnover, if it indeed brings in new services that were previously underprovided. 28 While we do not observe here the exact services and goods provided by those new businesses, they are not overwhelmingly emerging at the expense of other incumbent businesses.
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This raises an important qualification about retail stability and whether or not it is universally beneficial for the neighbourhood. There could be circumstances where the introduction of new services improves residents' quality of life, and that any shock to local comfort levels could be mitigated by such gains. This is a challenging, yet critical, balance to achieve: one that maintains a retail environment with some familiarity, as to not alienate incumbent residents and at the same time capitalises on increased local investment. It is also an opportunity for government to get involved, and to help the neighbourhoods to think holistically about their assets, deficits and risks. If commercial infrastructure matters, not only in terms of physically appropriate spaces, but also economically developed retail markets, then local governments can, through local zoning ordinances, allow, incentivise or even mandate the build-out of commercial spaces. They can go further and think about what kinds of businesses they hope to attract to those spaces. Independently owned establishments might be more likely to have ties with (and redistribute benefits to) the community; chain retailers could bring more selection and possibly lower prices and, according to our analysis, pose no significant threat of increased turnover; businesses that provide necessity services exhibit more stability and also meet more immediate needs; but a diversity of services also helps with stability.
Again, local government can mandate or nudge in order to motivate landlords to rent to certain kinds of businesses (especially those that are typically viewed as more risky tenants). And the scale of intervention can vary as well, depending on the local government's stake in and vision for redevelopment. For example, in Shanghai, the local government has encouraged large-scale development at the expense of small shop owners; Amsterdam's government has played a less active role and market forces have taken hold; Toronto has relied heavily on public-private institutions in the form of business improvement districts to stimulate and integrate local retail development (Zukin et al., 2015) . Therefore, the local government can play a role in not only diversifying or augmenting existing retail corridors, but also encouraging the growth of nascent ones. We also find that lower churn is typically accompanied by higher shares of businesses that stay in place -it is therefore important to think about policies that help these establishments stay open, especially in areas that otherwise demonstrate high turnover.
Finally, our findings suggest that accurate and accessible information is critical in achieving any of these policy goals. First, understanding the nuances of retail instability requires tracking and monitoring the flow of businesses into and out of neighbourhoods. This would ideally entail not only accessing microdata on business activity (which several government agencies should already possess), but also interacting with local community organisations and business improvement districts on the ground who can better speak to the quality and patronage of the services that come and go. Second, the persistent effect of race (that whiter neighbourhoods tend to experience less churn, even controlling for income) is consistent with prior research that finds race-based bias in business' location decisions (Helling and Sawicki, 2003) . If businesses are using race, an observable feature of a neighbourhood, as a proxy for other, less accessible indicators of economic viability (i.e. safety, purchasing power), then local government could assist in the dissemination of accurate data on local consumer dynamics. Indeed, providing businesses with more complete information and refined tools to read local markets could better inform start-up business decisions, support in-place business sustainability, and ultimately better satisfy local service needs.
that cover many tracts and allow us to control for unobservable neighbourhood characteristics. The boundaries of New York City's 55 PUMAs roughly approximate community districts, the areas served by an advisory governmental entity known as a community board. 24. The unadjusted coefficients are available from the authors upon request. We include a table of the variable means and standard deviations in Appendix B. 25. This is consistent with Meltzer (forthcoming), who finds increased displacement without replacement in gentrifying neighbourhoods in New York City during the 2000s. 26. The results for the augmented model including rent-based appreciation variables is not shown, but the results for the household covariates are substantively the same as those reported for the price-based models.
The coefficients on the rent-based variables, however, are not significant. 27. In order to test for the sensitivity of our results to our definition of retail (and specifically to test it against a much more conservative definition), we replicate the full specification for frequently consumed necessity turnover metrics only (as the dependent variables). The consumer-related characteristics are all unchanged, with the exception of average household size, which goes down in magnitude and loses significance across the board. While the commercial variables are all consistent in terms of sign and magnitude, there are some differences with respect to significance levels. The establishment size variable loses significance for the churn model (which coincides with a now insignificant coefficient in the stay model). And, whereas the retail share was an important correlate with turnover in the model using the broader retail definition, the necessity share variable is now instead significantly associated with lower churn (driven by higher stay rates and lower birth/entry rates). 28. It does, however, suggests some re-sorting of existing businesses across neighbourhoods, rather than the formation of new businesses. 29. Meltzer (forthcoming) finds that the tradeoff between commercial displacement and the entry of new services varies depending on the intensity and nature of the neighbourhood's gentrification. New services can emerge in the context of both high and low displacement rates.
